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The Snowmass process
Long-term planning exercise for the particle-physics community.

• “Develop community long-term physics aspirations.”
• “Communicate opportunities for discovery in particle-physics to broader community 

and to the (US) government.”
(Young-Kee Kim, DPF Chair, Town-Hall Meeting, 2020 April APS meeting)

Physics-driven effort.
• Covers all areas of particle physics and facilitates cross-cutting.
• Develop overarching physics studies.

Global effort. 
• Input from non-US community is essential.
• Input from recent international studies, for example HL-LHC, European Strategy 

Particle Physics Update (ESPPU), future colliders etc.

http://meetings.aps.org/Meeting/APR20/Session/D23


International Timeline

3 Snowmass 2021 results will be used as input to the next P5 (2022)





Past Snowmass and P5
● Snowmass 2013: new successful model 

○ Energy Frontier
○ Intensity Frontier
○ Cosmic Frontier
○ Cross-cutting groups: Facilities, Instrumentation, Computing, Theory, Communication.

Report: https://www.slac.stanford.edu/econf/C1307292/

● P5 (2014): identified five scientific drivers
○ Use the Higgs boson as a new tool for discovery.  
○ Pursue the physics associated with neutrino masses.
○ Identify the new physics of dark matter.
○ Understand cosmic acceleration: dark energy and inflation.
○ Explore the unknown: new particles, interaction, and physical principles.

Report: https://www.usparticlephysics.org 5

https://www.slac.stanford.edu/econf/C1307292/
https://www.usparticlephysics.org


HEP Science Output

▪ ▪
Snowmass Town Hall Meeting: Young-Kee Kim (U.Chicago), DPF Chair 6



Snowmass 2021: leading to the next P5

Ten Frontiers (with Liaisons inbetween).

• Energy Frontier
• Frontiers in Neutrino Physics 
• Rare Processes & Precision Measurements 
• Cosmic Frontier
• Theory Frontier
• Underground Facilities 
• Accelerator Frontier
• Instrumentation Frontier
• Computational Frontier
• Community Engagement Frontier

Wiki: https://snowmass21.org/start

https://snowmass21.org/start


→



wiki: https://snowmass21.org/energy/start
The Energy Frontier (EF) group will explore the TeV energy scale and beyond. Our sharply 
focused agenda includes understanding the heaviest particles of the Standard Model (SM), as 
well as exploring physics beyond the SM to discover new particles and interactions, including 
unraveling the mystery of dark matter. In this context, the EF group will carry out (and compile) 
detailed studies of Electroweak (EW) physics, QCD and strong interactions, and 
Beyond-Standard-Model (BSM) physics under different future accelerator scenarios, including 
lepton-lepton, hadron-hadron, and lepton-hadron colliders. 

Introducing the Energy Frontier

https://snowmass21.org/energy/start




Energy Frontier: exploring the TeV scale
Snowmass 2013: in the wake of an amazing discovery

● Right after LHC Run 1 and the Higgs discovery. 

● Opening of a new era of SM precision physics and BSM explorations.

Moving forward, we need to consider:

● More luminosity   →   precision measurements

● Higher energy   →    extend reach of direct searches

● Improved theory predictions   →  affect both
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Energy Frontier: exploring the TeV scale

(from F. Riva)

● Precision:  indirect evidence of deviations at low and high energy.
● Energy: direct access to new resonances. 
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Energy Frontier: exploring the TeV scale
Stress-testing the Higgs sector

κ=(measured coupling)/(SM coupling)

% uncertainties with 2 ab-1

CLIC, % uncertainties

↪  Higher precision probes higher Λ

Δκ ∼ v2/Λ2   →  sensitive to  scale of NP

13



Energy Frontier: exploring the TeV scale

Difficult measurement: Higgs self-coupling ↔ EWSB

Double vs single H production?

Indirect measurement?

Other options?

Deviations can be more subtle: not just a rescaling → explore effective interactions

Is that it? Are there more scalars?  →  direct searches
 
We still know very little, but we have very powerful constraints to guide us. 14



Energy Frontier: exploring the TeV scale

Snowmass 2021:  a very exciting time

● LHC Run 2 is providing a wealth of new measurements.
● Entering the era of precision Higgs physics.
● The HL-LHC is a reality. 
● Updated scenario of proposed future colliders. 
● Exciting results from other frontiers: rare processes, cosmology, …

AND we have no preferred way beyond the SM: 

Great time to propose new ideas, new perspectives, new tools.

15



Future Collider Scenarios & Timelines

 
● Will add EIC and Muon Collider to this chart.
● Will consider new proposals that may come up during Snowmass 2021.

○ e.g. initiatives for gamma-gamma and plasma colliders etc.



● ESG studies, comparing various options, are detailed in the briefing book
 

● We will expand on these studies and add other collider scenarios, e.g.  
muon collider, Electron-Ion Collider, other c.o.m. (if needed)....

● Our goal is to:
○ Identify “Focus Questions” and the “Scientific Merits” of the various collider options.

○ Develop a global picture and a future roadmap.

○ Compile existing studies [start from ESG briefing book and confirm with Accelerator 
Frontier].

○ Add new studies and information.

○ For pp future colliders, HL-LHC will serve as a critical baseline. HL-LHC results may be 
revisited if deemed necessary.

https://arxiv.org/abs/1910.11775


Ten Topical Groups will study and compare the physics reach of future colliders.



Identify Focus Questions and Ideas

Ideas for investigations that already emerged in TG Kick-off Meetings!

● What is the scale of New Physics that can be probed with precision measurement?
● Higgs “inverse problem”: what can we tell about BSM from Higgs couplings?
● How can theoretical precision match experimental precision? When is this necessary?
● Develop model-agnostic BSM physics using Machine Learning techniques.
● What is the value of new colliders? What is the motivation to do physics there?
● Explore new detectors and capabilities that enable new signatures.
● ...

It promises to be a very fruitful exercise!



Topical Group Activities
All EF Topical Groups (TG) have:

•  wiki pages and Indico sites for their meetings
•  mailing lists (subscribe!) and Slack channels.

Everybody’s contribution and participation are vital to the Snowmass process!

How to engage:

• Contact the TG conveners and join the TG activities (join meetings, discussion).
• Bring existing studies and/or new ideas and projects to investigate.
• Fill in Expression of Interest forms prepared by TG (on-line).
• Write a Letter of Interest (LOI): 2 pages, briefly what you want to work on (the EF 

conveners and TG conveners will facilitate the process).
– This can be done as individuals, user groups or collaborations  
– We invite collaborations & initiatives to submit (one or multiple) LOIs with a set of open questions and how to 

get new users involved in the studies. 
• Various user groups are providing documents with contact informations, available 

studies, available tools, etc. (See Backup Slides for examples of what we have received so far).

https://snowmass21.org/energy/start
https://indico.fnal.gov/category/1100/


TG Expression of Interest Forms

More available 
online 
(TG wiki pages)



EF: Engaging early career members of the community

The Snowmass process thrives on the participation of young people and offers an 
ideal environment for young people to get involved and promote their own initiatives. 

We strongly encourage young members of the community to get involved!
To all senior members: get your students and postdocs involved!

Snowmass Young: forum of early career members.
● Nominations for representatives solicited (closes on May 22).
● Nominees: early career members (e.g. graduate students, postdocs).
● Coordinated by: 

○ Sara M. Simons (2020 DPF Executive Committee Early Career Member)  
○ Fernanda Psihas (2019 DPF Executive Committee Early Career Member)



Interaction among Topical Groups and Frontiers 

● Many topics will be part of the physics program of several Topical 
Groups. We expect several joint activities, and joint session organized at 
EF meetings, starting with the July 9-10 EF General Meeting.

● Several studies will be joint with other Frontiers 
○ Theory Frontier
↪ Planning meeting of all TG theory conveners (of all Frontiers)

○ Computational Frontier
○ Instrumentation Frontier
○ Accelerator Frontier
↪ We have received several requests, for example: “

and more ...



Liaisons among Frontiers
● They will provide high-level and bi-directional communication b/w Frontiers.
● They will be people with interests in both communities.
● Official Liaisons:

○ Neutrino Physics Frontier: André de Gouvêa (Northwestern)
○ Rare Processes and Precision: Angelo di Canto (BNL)
○ Cosmic Frontier: Caterina Doglioni (Lund)
○ Theory Frontier: Laura Reina (FSU)
○ Accelerator Frontier: Dmitri Denisov (BNL), Meenakshi Narain (Brown) 
○ Computational Frontier: Daniel Elvira (FNAL)
○ Instrumentation Frontier: Caterina Vernieri (SLAC), Maksym Titov (Desy)

● n addition to official Liaison we foresee unofficial ‘Link People’
○ Provide a more technical link between an EF-TG and a TG in other Frontiers.
○ We expect they will naturally emerge from the community by the November workshop.
○ They will be people who are embedded in both communities based on their personal 

interests.



Special Task: Monte Carlo samples production

●

○

●
○

○
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Special task: Monte Carlo Task Force

● Members of the EF MC task force: John Stupak (Chair)
○ EF TG conveners: Isobel Ojalvo, Michael Schmitt, Simon Pagan Griso.
○ MC authors: Fabio Maltoni, Stefan Hoeche.
○ OSG representative: Robert Gardner. 

● In assessing the needs, the MC Task Force will:
○ Consider the process, the MC generators, the accelerator configurations, detector 

configurations, number of events.
○ Survey existing frameworks for MC generation and analysis for future colliders (FCC-ee, 

FCC-hh, CepC, SppC, LHeC,  ILC, CLIC, Muon colliders, etc.)
○ Are they sufficient, are we permitted to use them?
○ Check if collaborations prefer users to use specific frameworks or a common one is agreeable

● The OSG has kindly agreed to support the MC generation for EF, and will 
provide both compute resources and storage on the OSG Data Federation

● Input to the MC Task Force will be facilitated by the TG conveners. 
26
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Google form to collect community input.
                  (preliminary, from John Stupak)

The idea is that:

Each topical group will use this as a starting 
point and adapt it appropriately for their 
groups, to ensure some uniformity across 
groups.

To be circulated soon...



Energy Frontier Planning
● Two EF community meetings to be arranged before the LoI deadline and in 

preparation for the Nov 4-6, 2020  Snowmass Planning Meeting:
○ EF Kick-off meeting on May 21.
○ EF workshop July 9-10 with common sessions with other Frontiers.

● More workshops will follows

28

Today→

Next meeting
↘



Today Meeting and July Workshop

–
• Goal is to lay out our plans, strategy, activities, discuss the organisation of the EF 

group and TGs, how to communicate within the community.
• Summaries of studies that can be considered as stepping stones for TG activities (e.g. 

surveys of previous or international studies, e.g. ESG results, Yellow Reports etc.) as 
well as overviews of ideas for studies that can be carried out for Snowmass 2021. 

• Present plans for and use of letters of intents and contributed papers within the EF 
group, and the strategy for MC production. 

•
–

–

29

https://indico.fnal.gov/event/24264/


Available through EW wiki:  https://snowmass21.org/energy/start
Direct link: 
https://calendar.google.com/calendar/embed?src=brown.edu_njuueqjsrlu8qgdulatqrrmtj4%40group.calend
ar.google.com&ctz=America%2FNew_York

https://snowmass21.org/energy/start
https://calendar.google.com/calendar/embed?src=brown.edu_njuueqjsrlu8qgdulatqrrmtj4%40group.calendar.google.com&ctz=America%2FNew_York
https://calendar.google.com/calendar/embed?src=brown.edu_njuueqjsrlu8qgdulatqrrmtj4%40group.calendar.google.com&ctz=America%2FNew_York


We hope you will enjoy this kick-off meeting 

and 

join the work of the Snowmass 2021 Energy Frontier!



Backup slides
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•

  (submission period: April 1, 2020 – August 31, 2020)

“They allow Snowmass conveners to see what proposals to expect and to encourage the community to begin studying them. They will help 
conveners to prepare the Snowmass Planning Meeting that will take place on November 4 - 6, 2020 at Fermilab. Letters should give brief 
descriptions of the proposal  and cite the relevant papers to study. Instructions for submitting letters are available at
https://snowmass21.org/loi.
Authors of the letters are encouraged to submit a full write-up for their work as a contributed paper.”

➔ Very brief (two pages).
➔ Uploaded by Authors through Snowmass 2021 Wiki.
➔ Index of submitted LOI available on the Snowmass 2021 Wiki.
➔ Could represent existing work (cite) or new ideas.
➔ Will help the EF conveners plan the work of the Frontier (including liaisons with other Frontiers: 

avoid duplication/build synergy).
➔ If further developed in the context of the Snowmass 2021 exercise could lead to a Contributed 

Paper.

https://snowmass21.org/loi


•
(submission period: April 1, 2020 – July 31, 2021)

“Contributed papers will be part of the Snowmass proceedings.  They may include white papers on specific scientific areas, technical articles presenting new 
results on relevant physics topics, and reasoned expressions of physics priorities, including those related to community involvement. These papers and 
discussions throughout the Snowmass process will help shape the long-term strategy of particle physics in the U.S. Contributed papers will remain part of the 
permanent record of Snowmass 2021. Instructions for submitting contributed papers are available at
https://snowmass21.org/submissions/”

➔ More extensive studies. 
➔ May include white papers, scientific/technical articles, etc.
➔ Can but do not have to be related to a given LOI.
➔ Submitted by Authors following instructions given on Snowmass 2021 Wiki page 

(submit to arXiv, send email to M. Peskin with subject “Contribution to Snowmass 
2021”, etc.)

➔ Will be part of the official Snowmass 2021 records..

https://urldefense.proofpoint.com/v2/url?u=https-3A__snowmass21.org_submissions_&d=DwMFaQ&c=gRgGjJ3BkIsb5y6s49QqsA&r=ZS4WSZcKIbMiRmikCDGoKuzp97bS-lcOwyTWzijH194&m=k66e2xU4xWG-6L4cBtC59iXuGje8deiVm6V4GHaYfQE&s=bjPt9JM983u3bt969nyCiqeBHGFTiTxywaSUep_ggAM&e=


Inputs from Collaborations
●

○

○
●

●
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Inputs from Collaborations: ILC

36



Inputs from Collaborations: ILC
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Inputs from Collaborations: ILC
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Inputs from Collaborations: ILC
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Inputs from Collaborations: FCC
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Inputs from Collaborations: FCC-hh
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Input from Collaborations: LHeC

42



 

Bernd SurrowSnowmass Energy Frontier Kick-Off Workshop
Philadelphia, PA, May 21, 2020

 

Bernd Surrow

QCD at Extreme Parton 
Densities - Saturation

Parton Distributions 
in Nuclei 

Spin and Flavor Structure of 
the Nucleon and Nuclei

Tomography (p/A) 
Transverse Momentum 
Distribution and Spatial 

Imaging

• EIC: Study 

structure and 

dynamics of 

matter at high 

luminosity, high 

energy with 

polarized beams 

and wide range of 

nuclei

4
3

Snowmass Energy Frontier Kick-Off Workshop
Philadelphia, PA, May 21, 2020
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Input from Collaborations: EIC
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Bernd Surrow

EIC CD0 and Site Selection
• Announcement by the Department of Energy on January 9, 2020

4
4

Snowmass Energy Frontier Kick-Off Workshop
Philadelphia, PA, May 21, 2020

WASHINGTON, D.C. – Today, the U.S. Department of Energy (DOE) announced the selection of Brookhaven National Laboratory in Upton, NY, as the site 
for a planned major new nuclear physics research facility. The Electron Ion Collider (EIC), to be designed and constructed over ten years at an estimated 
cost between $1.6 and $2.6 billion, will smash electrons into protons and heavier atomic nuclei in an effort to penetrate the mysteries of the “strong force” 
that binds the atomic nucleus together.

The EIC’s high luminosity and highly polarized beams will push the frontiers of particle accelerator science and technology and provide unprecedented 
insights into the building blocks and forces that hold atomic nuclei together. Design and construction of an EIC was recommended by the National 
Research Council of the National Academies of Science, noting that such a facility “would maintain U.S. leadership in nuclear physics” and “help to 
maintain scientific leadership more broadly.”  Plans for an EIC were also endorsed by the federal Nuclear Science Advisory Committee.

Secretary Brouillette approved Critical Decision-0, “Approve Mission Need,” for the EIC on December 19, 2019. “The Department is excited to be moving 
forward with an Electron Ion Collider at Brookhaven National Laboratory,” stated Office of Science Director Dr. Chris Fall. “However, participation from 
many parts of the DOE laboratory complex will be essential if the EIC is to be a success.”
Thomas Jefferson National Accelerator Facility in Newport News, VA will be a major partner in realizing the EIC, and several other DOE laboratories are 
expected to contribute to EIC construction and to the groundbreaking nuclear physics research program that will be accomplished there.

https://www.energy.gov/articles/us-de
partment-energy-selects-brookhaven-
national-laboratory-host-major-new-n
uclear-physics

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
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Bernd Surrow

Spinning Glue: QCD and Spin
4
5Engagement in SnowMass2021 process

• EIC program provides excellent opportunities for HEP community such as QCD and electro-weak physics in 

addition to novel instrumentation applications.

• The EIC User group is committed through the EICUG Steering Committee to engage in the process 

of formulating Letters of Interest for various working groups including EF04, EF05, 

EG06 and EF07, besides Instrumentation Working Groups. Several informal discussions 

took place between the EICUG Steering Committee and several co-conveners.

• The EICUG Steering Committee is committed to help this process to ensure that EIC-related 

submissions are consistent with the overall EIC planning of a new collider facility in the US at Brookhaven National 

Laboratory in cooperation with the DOE Office of Nuclear Physics.

Snowmass Energy Frontier Kick-Off Workshop
Philadelphia, PA, May 21, 2020


